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Abstract 

As put of the effort to improve the cmittancec of 
the PM. rccelereor., . ne. beam transport .,.tem l,~ 
been inst.llsd bst.een the 8 CcV Booster and the 160 
CcV Main Ping cpshrotrons. Tbe eew design generate. 
rertiul dispersion which matches that dispersion pro- 
duced by the gain Ring Do rcrtic.1 overpee.. The big- 
gest improrc.ent m.y be the stronger focusing used 
throughout the DC. line, thus reducing tbe sensitivity 
of the tr.n..er.e phue .p.ce matching of the t.o ..- 
chines t.a ar.11 chmgee in qudrup-de current.. Also 
included i. . more pusire injection system, . more 
ilexiblt po.er supply configuration, plus improved 
di.gn0.tic.s for mewuring the Booeter emittmce. snd 
the phase space match to the Main Ping. The ne. bsu 
trlnsport system became oper.tion.1 in August of lOgA. 
gesult. from the wiesioning of the system are also 
deecribed. 

The New 8 GcV Line 

During . nine loath period from October, 1985 to 
July, 1986 the Booster, Main Ring, and Teratron .ccel- 
er.tors mere shut dam to .llor for tbe construction of 
the kin Ping orerprss .t the Collider Detector Pacil- 
ity and the detector building et the DO streight scc- 
tion. By the end of that period, 12 .ontb. sfter the 
redesign bd been initiated, a. new 8 GeV beu transport 
.y.tem between tbe Booster and Main Ring .cceler.tor. 
hd been developed, constructed, installed and 1.. 
&out to bc comissioned. No chmges were mde to the 
Lkxmter extraction system. The ideal trajectory leer- 
ing the eeccmd pulsed septum megnet of the Booster ex- 
traction system remains parallel to the floor. Tbe 
first horisont.1 bend point in tbe beenline remained in 
it. old pD.ition. ho vertical bending megnet. midrny 
through the be-line bring the tmjectory dam to 
roughly the Main Ring level md the beem is then in- 
jected horiroat.lly. An 18 ft thick cement r.11 ms 
installed in tbe line to allow xce.. to either the 
Booster accelerator enclosure or the Main King eccel- 
eratar anclosure during the operation of the other 
machine. 

The new focusing .y.te. contains 19 qurdrupole 
lenses which .ltern.te in grdient throughout the line. 
The bcemline my be divided into three sectioas. The 
middle section, referred to es the 'Cell.,' contain. 6 
qudrupales of squrl but .lter..ting strength. end 
spaced equslly spsrt. The bet.tro. ph.se drrnce be- 
tween each of these slcments is 46'3 for both the hori- 
wntd md the vertical degrees of freedom. In front 
of the Cell., the Booster Match section consist. of 6 
qudrupolcs which are used to m.tcb the uplitude sad 
dispemion functions of the Booster to those of the 
Cell.. After the Cells, the Main Ring Yetch .ection 
has g qmdrupole. which mtch the uplitede snd dis- 
pcreion fur&ions of the Cells ta the Y.in Ping injec- 
tion point. 

Amplitude Function. 

Figure 1 display. the resulting eaplitude fuc- 
tions for both the hori.ont.1 snd vertical pl..e.. 
Within the Cell., the rrlue of pm- is roughly 30 . . 
The largest value of p in the entire line is 150 m and 
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occur. just prior to the injection point. As expected, 
the eensitirity of the Main Ring metch to qudrupole 
errore is reduced by the saeller v.lues of p. Figure 2 
.howe the dilution of the transverse emittsnce which 
would be gsnemted hy a qmdrupole error in the ncr 
beesline compared with the .me strength error in the 
old line, where p.= was roughly 8oo m. Due to the 
requirement. imposed upon them, the 'matching' quad- 
rupole. h.rc l ruiety of strengths. By h.ring inde- 
pendent control o.er each of the.= mgnet., the match- 
ing of the vplitede functions my he edjusted. 

PICUE 1 Lattice Function. of g CeV Line 

Dieperaion Pmction. 

To produce the required vertical dispersion at the 
end of the beemline (-1.4 m), the injection process 
into tbe Main Ring N -itched from the vertical plane 
to the hori.ont.1 plsne. If the beaa trajectory is not 
lowered until juet before the injection point, then the 
rertic.1 bending element. would produce AD " +.5 meter. 
Thu., the dispereion function just before these verti- 
cd bands .ould need to hwc the vnlue -2 .eter. md 
mm. type of 'diepersion creetion section would need 
to be dded solarhere in the beginning of the line. By 
-itching to horisontal injection, the beem tnjectory 
could be lowered .b meters to roughly the Usin Ring 
le~cl at my up&rem point ia the beamline. In par- 
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PICUBE 2 -- Transverse emittame dilution due to 
s single gradient error of AB'/B' = 4%. 



ticulu, the bcsm is lowered l t l point 1800 in bet.- 
tron phese upstrcem of the injection point, benca the 
positive dispersio. prcductd by this xtioa i. trsns- 
l.tcd to . negetire dispersion .t tbs end of the line. 
Also, since the r.luta of the amplitude functions 
through the line mnd .t the injection point LTC roughly 
20 meters and 70 meters respectively, then the rasult- 
img rmluc of the dispersio. function is uplified by m 
facta= of (70/20)1/z - 2. Tbe rceulting dispersion 
function. .re shorn in Figure 1. 

The hori.ont.1 dispersion function through the 
Cell. we. mde to l ltcre*tt from luge to n.11 valuer 
iotsntionrlly to provide m method for performing useful 
beu meulurama.ts. The Bwstcr Match quedrupolaa plus 
the first band c.nter modify D eo th.t l t the eatrmxs 
2 :II: &ft~,$~;$zer. -3 D'. = 0 in the middle 

Because the phwe drmnss 
hetree. each qudrupols is 450 throughout the Cells, D, 
will oacillmte betrse. 4 meters and 0 meters every 
other magnet while the vplitude function remains st 
the .ue relus of Pm,,. = 27. et every other magnet. By 
ohtmioieg l cacurcmcnte of bori.ont.1 bsem profiles at 
8ltern.ti.g pm= locations through the Calls, the 
horirontal treesicrse cmitteece mmy be determined u 
well es the momentum spread of the ertrmctcd Booster 
beem. 

&acts mnd Pmer Supply System 

The .cr 8 CeV Line contains four primer, horison- 
t.1 bend center. and tro primary vertical bend ceater.. 
A Lembertson-style magnet, rbich has . strong field 
region end . 'field-free' region seper.ted by . thin 
.eptum, is used for the final hori.ont.1 bend. The 
magnetic element. used for the other five bend ce.tcrs 
mre ones used in the old be.mline. For the focusing 
l lcmcnts of the .e. line, small aperture quedrupale 
magnets originelly designed for we i. the Teratro. I 
project uxtiprotoa storege rings were chosen. 

In addition to the primary bending and focusing 
elements, SCIC. position correction bending megnets 
also .re provided. Fire of these megnets hrd been used 
in the old besD1i.e .nd the tro eddition.1 correctiolr 
dipoles rgain come from . Tevstron I project design. 
The maximum angles which may he produced by these ug- 
nets arc less than three percent of those of the major 
bending elemeote. 

Current for ml1 elements mentioned above is pro- 
duced via standvd commercially rvail.blc porar sup- 
plies which are distributed emong five alreedy existing 
pomcr supply ge.llerias. All devices are opsr.ted DC 
mnd most elements here indepcndcnt control. 

Injection System 

The eolution to the rertic.1 dispersion function 
utch nacessit.ted lowering the be.m trmjcctory to 
roughly the Main Ring lerel 300 ft upstreu of the in- 
jection point. The beem then hd to be steered hori- 
montslly onto the the Yein Ping hori.ont.1 closed 
orbit. The Lembcrtson-style magnet provides the 35 
mr.d final horisont.1 bend. The ide.1 trejsctory 
lowing the Lubertson the. has tbe proper horisont.1 
position md slope yet is pasitio.ed 30 mm above the 
Main Bin8 closed orbit (which pa.ser through the 
*field-free' region of the megnet). king tbe lut two 
vertical position correction magnets immcdi.tely up- 
.trsu of the Lubertaon, this disp1.csme.t of 30 I 
may he maint.ined while . domrvd slope of 0.7 mred i. 
produced. The beam will then arrive with ecro rcrtiul 
displacement .t the seme pulsed kicker magnets which 
rcre present in the old injection syetem. These pulsed 
megnets complete the injection process by -celling 
the downward slope, placing the he,u onto the proper 
rcrtic.1 closed orbit. 

Also included ia the injection system arc four 
dipole m.&ncts which reside in the Main Ping lob 
mtraight section, two on tither side of the Lmmbertson 

msgnct. Thsse four megnet., powered in series, proTide 
. loul rertic.1 displ.ccment of the Yein Ring closed 
orbit of 30 I, reducing the uount of kick ncces.ary 
from the kicker mag.ats. 

Diagnostics 

Sever.1 improvamcnts were m& to the diegnostic. 
system for tbe 8 COY Line. A .ev microprocessor based 
.ystcm .a. developed for gathering .nd snslyeing the 
profile monitor data. The wire planes msy be inserted 
into the beu p.th from UL mpp1ic.tio.s progrv on the 
mccslcr.tor controls system m.d data from all monitors 
may he procc..ed .imultmecously. men in the beam 
path, the microproccasor mutometicslly computes the 
l e.. m.d rmrimecs of the particle distribution a. well 
u l goodness of fit compared to the normal distribu- 
tion. The dmt. may be red ..d the computstions per- 
formed at. m 16 Se r&e, which permit. the enrlysis of 
beu from ml1 Booster synchrotron cycles. The computed 
r.luc. are mutometiully updated in the mccelsretor 
controls mymtcm dmt. bmme m.d may be plotted real time 
from l computer con.& or etored ia files for future 
mmlysis. 

Noninterscting heu position monitors @PM's) .re 
ml.0 distributed throughout the .e. 8.6eV Lint. The 
BPH'. arc cylindric.1 etripline detectors simile= to 
tho.c used in the Terstron .cceler.tor.l The BPY'. 
hmrc been s.libratsd to proridt position information 
vi. the mcceler.tor controls system to rithin t0.2 mm 
mar the csater of the detector. 

Tba output of the position detectors is processed 
through .tmndud Teyatron-style BPY electronics2 with 
positions being ohteineblc from existing .ccelerator 
controls system saftwre. At the injection and extrac- 
tion regions, both horiro.t.1 .nd vcrtic.1 signals from 
sorer.1 BPY's .llor precise measurement. of the beam 
trejcctories .t these points. 

Commissioning of the New 8 CeV Line 

By the end of July, 1986 beem was being extracted 
from the Boaster scccleretor .nd being transported ta 
the 8 CeV beem dump using the upstream elements of the 
new beuline. On August 2, 1886 beam .a. first trans- 
ported through the entire beemline to the Main King 
myncbrotron. To mtudy the nor 8 GeV Line and the ins 
jection process, the Ynin Ping beem abort system wae 
act up to dispose of the beu on its first passage 
through the cynchrotron. 

Correction of &am Trajectory 

Originally, the position of the beam as seen on 
the bsu position monitors (BP&) we= tuned manually 
using the correction elementa discussed earlier. An 
l utommtic bcvline position corrcctioa progrem has been 
dersloped which rLuIs on the uceler.tor controls system 
fnm the Hain Control g00rn.~ The progrm calculates 
corrector strengths nccesswy to minimiee beam 
displacements from desired position.. The progrlm may 
the. send these changes to the .ppropri.te devices 
l utoutic.lly mnd itcrmte through this procedure until 
the positions YE within e designeted tolcrsnce. 

AS m reeult of tbc beam tr.jectory correction, the 
maximum position errors throughout the line mre le.. 
thme 3 I for cmch plena. The .rermge corrector 
mtrcngth i. approximately 0.2 mrd and the muimum 
correct-w .tr.ngth is 0.6 mrd, far below the design 
muimum correction of 1.6 mrd. 

The injection positions hwe been adjusted to 
within Ax u = 1.0 mm of the gain Ring closed orbit for 
both the bori.ork.1 and rerticel plmes. For . 1 mm 
Ax., mnd . typic.1 beam sise of o. = 5 mm, the emount 
of dilution of the trlosrerse emittaoct due to position 

l i=m*t=b “O”ld “;2;3”, + Ax2,2 = 1.02, 



EmittwIce YeKsurements 

tion, 
Since the beginning of the ner g GeV Line opera- 

emittame meuuremer~s hare becm rather rou- 
tine. litb the new aicroproccseor-based m,stem and 
msocietsd applications progrew, profile data may be 
obtained and anolysed ritb else. Using the nrisnces 
colputed by the aicroproceesors, the beu hses nay be 
plotted in reel time on a color graphics display in the 
Main Control room. One much plot, shorn in Figure 3, 
allowe the horisoottl normalized emittance and the 
variance of the momerxtu distribution ta be red. 

Dispersion Yewurennts 

Do December 9, 1986 .e &tempt M ..de to .e.s,,re 
tbe dispersion function6 through the g CsV Line and 
dctexkne the amount of miswtch of the-e fur&ion. to 
those of the Yein Ring by recording EIPU eignals u the 
Booster RF frequency at cxtrsctioo wee varied. The 
vertical disperpion function obtained from the messwe- 
n erks described &cws ia dinplayed in Figure 1 along 
vith its design value. Within the wxursc, of the 
l cwuremcnt the values are ia good agreement. The 
second half of this figure came6 from SPYe within the 
Main Ring, showing thet the vertical dispersion fune- 
tion is well matched to that of the &hint. The beam 
M being aborted on the first turn md hence be- M 
not observed prst the position lrbelsd eC0' where the 
short system ie located. 

Subtracting the two curvee in Figure 4 and fir,ding 
the luiau. value of thie difference yields AD,, = .5 
1 and, t&sing 0 = 5 m and op = 0.8 x lo-3 in agree- 
Bent ritb profl ,P e monitor d&a t&n during the eye 
study period, the dilution factor due to dispersion 
function uismrtcb is 1.003 in the vertical plane. 
Unfortunately problems encountered during the study 
period deemed the corresponding sersurenents of the 
horisontal dispersion function unreliable. 
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FIGURE 4 - Yeaeurement of rerticel dispersion. 

klitade Function Yeasurcscnts 

By tibortiw the beu during its firat revolution, 
the signals obtained free the profile wnitors located 
within tbe Main Ring accelerator reflect the initial 
distribution of particles being delivered by the 8 GeV 
beuline. Tba emittance of this beae may be obtained 
by profile .euura.ents using the monitors within the 
Cells region of the beuliac. Rence the amplitude 
functions at the loutions of the Main Ring profile 
mnitcre being delivered br the beamline may be obtain- 
ed and compared with design. 

Bight profile mnitors reeide within the Main Ring 
st the loutiow of the first eight qudrupols leases 
put the injection straight w&ion. If the matrix 
lf(Bi/O,) which trsnsportm the trmsverse beu trsjec- 
tay (x,x') from location e. to location #i is known, 
then the relue of the uplitede function st *i will be 

pi = s~PO - ZeabiOo l bi’lo 
*here .i md b. we t e l-1 m l-2 elements of the 
matrix Y(si/*J and To = (1 + +,02)/po. By obtaining 
IsWUremanta of pi at ruioun profile wnitor locs- 
tions. sn estiaste of PO snd n., at l particular rtfer- 
axe point uy be determined. 

A progra bra been written which runs on the 
accelerator controls *yetem that analyses profile 
monitor data to obtain estimates for p. and ao.4 
effects of wmentu dispersion on the hea sise are 

The 

subtracted and s grid mearch is perfoned rhicb varies 
the values of PO and a,, in an attempt to find the 
minimum Of lI(pi - Si2Po - 2nibi' + bi2T0)2 where 
here, pi is the measured ralue o? p at the fth monitor. 
Pesulta of vertical profile measurements taken December 
0, 1086 yield u1 estiaeted relue for the vertical 
dilution factor of 1.02. Prom borirnatal profile data 
taken the s-e evening, the horizontal dilution factor 
due to amplitude function mismatch is 1.2. It is 
believed that aost of this borisontsl cmittancc blor-up 
=s caused by l problem of bean loss on the Lsabertson 
mwnet which M not recognized until after the study 
newion wea ore*. 

Concluding Remarks 

Several i~prorementm were indeed mde to the 8 GeV 
bsaa transport system. The wasitivity of the trans- 
rem= e=ittance growth due to errors in the gradients 
of the qudrupole megaete was significantly reduced. 
The mismatch of the vertical dispersion function was 
resolved. A ner injection scheme aided in the vertical 
dispersion matching process u,d replaced a rstber 
questionable piece of hardware from the previous besm- 
line. In addition, upgrdes to the profile monitor 
mystem ss well YI UI optical design more congenial to 
be= l easurementa hue improved the diagnostic 
itie- of the line. The quality of the megnetic 

capabil- 

elewnts in the line was also improved through the use 
of Tentron I project qudrupole segneta sad the new 
injection Lubertson megnet. Detailed megnetic 
,euurements hare been perfoned or, all of these ner 
devices. 
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